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Abstract
Dynamic measurement of surface pressure is of particular interest in the ﬁeld of Lang-
muir monolayers, where the change in surface pressure throughout an experiment can
provide information on the properties of the monolayer-forming material, or on the re-
action kinetics of the monolayer’s interaction with other materials. One of the most
common methods for the measurement of dynamic surface pressure is the Wilhelmy
plate method. This method measures changes in the forces acting upon a thin plate
of material at the air-water interface; this measurement is then converted to surface
pressure. One version of this method, which uses ﬁlter paper plates at the air–water
interface, is particularly popular due to their relatively low cost. However, it has been
seen that the use of ﬁlter paper plates attached to a Wilhelmy balance requires an initial
stabilisation period lasting several hours, during which the readings drift from the orig-
inal baseline. Here the cause of this drift is explored, considering how changes in the
weight of the plate over time inﬂuence the assumptions on which the surface pressure
is derived from the measurements made by the Wilhelmy balance. A simple method for
preventing this drift through pre-soaking of the ﬁlter paper plates is presented.
Introduction
TheWilhelmymethod has been the mainstay of dynamic surface pressure measurement
since its invention in the 1800s by Ludwig Wilhelmy [1]. The Wilhelmy method mea-
sures directly the change in the force acting upon a plate held at the interface between a
liquid surface and the surrounding environment. When the plate is held at this interface,
there is a combination of forces acting upon the plate- gravity, which pulls the plate into
the liquid surface, the natural buoyancy of the plate in the liquid, and the surface tension
of the liquid, which pulls the plate into the water [2] (Fig. 1A). Dynamic measurement of
the surface pressure is of particular interest in the ﬁeld of Langmuir monolayers, where
the change in surface pressure throughout an experiment can provide information on
the properties of the monolayer-forming material [3], or on the reaction kinetics of the
monolayer’s interaction with other materials [4].
The Wilhelmy plate measures changes in surface pressure through the change in the
upward force exerted upon it by the liquid. As the surface tension decreases, the force
acting on the plate, and thus weight of the plate, is reduced. The force acting on the
plate is given by equation 1.
(1) 𝐹 = 𝐷𝑒𝑛𝑠𝑖𝑡𝑦u�u�u�u�u�𝑔𝑙𝑤𝑡 + 2𝛾(𝑡 + 𝑤) cos 𝜃 + 𝐷𝑒𝑛𝑠𝑖𝑡𝑦u�u�u�u�u�u�𝑔𝑡𝑤𝑑
Where the plate is deﬁned by its thickness (t), width (w), length (l), and depth (d). The
surface tension (g) can be determined by rearranging equation 1 and assuming that the
forces of gravity (g) and buoyancy acting upon the plate remain constant throughout
the experiment and that the contact angle (q) between water and plate is zero (i.e. the
plate is fully wet),
(2) $ \Delta\gamma = \frac{\delta{F}(t+w)}{2} $
AWilhelmy plate comprises either a piece of ﬁlter paper or a small plate of non-reactive
material (often platinum). Platinum plates, while non-reactive to most monolayer ma-
terials, are diﬃcult to clean and often require sonication and other treatments. This
is partially due to the roughened surface of the platinum plates, which is required to
encourage a zero-degree contact angle between the plate and the liquid [5]. Many labo-
ratories opt for the cheaper, disposable alternative of a ﬁlter paper plate. The ﬁlter paper
is naturally absorbent and so forms a reliable zero contact angle, though this absorbency
can also lead to a ‘wicking’ eﬀect causing the monolayer material to move up into the
pad over time.
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The use of ﬁlter paper Wilhelmy plates introduces another, less frequently reported,
problem, which until now has not been understood fully. At the start of an experiment,
theWilhelmy plate is mounted on the balance with the plate immersed in the liquid. The
plate is commonly left in this state for several hours while the system stabilises. During
this stabilisation period, the readings recorded by the plate may drift downwards until
a plateau is reached.
Objective
The cause of the drift in surface tension is not clear, but it is often attributed to contam-
ination of the water in the trough, or to stabilisation of the response of the Wilhelmy
plate and balance. In this paper, a series of investigations aimed at developing an un-
derstanding of the origin of the drift quantifying the problem and providing a solution
are presented.
a
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Figure Legend
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Figure 1.
(A) Schematic of the forces acting on a Wilhelmy plate, illustrating the parameters re-
quired for the determination of surface pressure.
(B) Results of three consecutive experiments in which the surface pressure of water in
a Langmuir-Blodgett trough was recorded over time (from trough setup) using a ﬁlter
paper Wilhelmy plate. (Raw data available at university repository.)
(C) Changes in the measured surface pressure, with X and Δ representing data from
two diﬀerent ﬁlter paper Wilhelmy plates, recorded sequentially without changing the
water in the trough. (Raw data available at university repository.)
(D) Plot of the surface pressure measured using a Wilhelmy balance with a ﬁlter paper
Wilhelmy plate. X represents the data from the ﬁrst plate, O the data from the same
ﬁlter paper plate, but with water in the LB trough changed, while Δ represents the data
obtained after changing water in the trough and replacing the plate by a new ﬁlter paper
plate that was pre-soaked in deionised H2O for 2 h. (Raw data available at university
repository.)
(E) Change in average weight of three ﬁlter papers, measured using an Ohaus GA200D
balance. The error bars represent the standard deviation of three measurements at each
time point. (Raw data available at university repository.)
All experiments were carried out using a Nima alternating layer Langmuir-Blodgett
trough (Type 622). In all experiments, the trough was ﬁlled with distilled water (18
MOhms cm-1). Surface pressure measurements were taken using a Nima PS-3 Wil-
helmy balance. The ﬁlter paper used on the Wilhelmy balance was Whatman CHR1
chromatography paper (10 mmwidth). The ﬁlter paper was brieﬂy washed with chloro-
form before attachment to the Wilhelmy balance. Prior to each experiment, the trough
was cleaned using dust-free room wipes and acetone (99%), followed by isopropyl alco-
hol (99%). Results & Discussion
The initial study focused on quantiﬁcation of the drift in the readings taken with the
Wilhelmy plate method. This was critical to understanding the problem and its eﬀect
on monolayer characterisation. For the initial characterisation, the trough was ﬁlled
with distilled water, and a new piece of ﬁlter paper was hung on the Wilhelmy balance.
Once the water had visibly saturated the ﬁlter paper, the sensor was ‘zeroed’; this data
point was used as t = 0. The surface pressure was then recorded over a 3 h period. The
experiment was repeated 3 times, on 3 consecutive days. The data collected during the
3 experiments are shown in ﬁgure 1B.
Figure 1B shows that the form of the drift is repeatable, with the measured surface pres-
sure taking approximately around 150 min to reach equilibrium. There is a clear varia-
tion between each run, with the average drift equating to approximately 10% (3–4 mN
m-1) of the surface pressure that would be typically used during transfer of a monolayer
onto a substrate during Langmuir-Blodgett deposition.
As the drift was observed to approach a stable plateau, it was assumed that this problem
was caused by one or more parts of the system requiring time to equilibrate. Given that
the system is comprised of water and a sensor, this limits the number of possible causes.
The two key hypotheses considered were the presence of contamination at the liquid
surface that causes the surface pressure to take time to equilibrate, and instabilities in
the Wilhelmy balance mechanism.
Firstly, the possible contamination of the liquid surface was considered. A control ex-
periment was undertaken to ensure that the measured surface pressure had reached
equilibrium. The ﬁlter paper was then removed and replaced with a new piece. This
replacement of the ﬁlter paper was undertaken carefully to minimise disturbance of the
water’s surface. Once fully wetted, the Wilhelmy sensor was again ‘zeroed’ and the re-
sulting drift in the surface pressure readings was recorded. The data collected are shown
in ﬁgure 1C.
Figure 1C shows little diﬀerence in the magnitude of the drift in the surface pressure
readings between the two experiments. If water (or contamination thereof) was the
cause of the drift, then with the ﬁrst plate we might expect to see a slow change in
the surface pressure as the interface layer forming contaminate reached an equilibrium.
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However, once formed this layer should not be signiﬁcantly disrupted by the addition
of a new plate as it has been already reached in equilibrium (typiﬁed by a decrease in
the rate of change in surface pressure). However, in ﬁgure 1C, the drift with the ﬁrst
and second plates is similar in magnitude, which indicates that the change is not due to
a layer forming from the contaminant in the sub-phase. This indicates that the drift is a
property of the Wilhelmy sensor system and not of water.
Figure 1D shows a reduction in the magnitude of the drift of the Wilhelmy surface pres-
sure, when the ﬁlter paper plate had been pre-soaked in water. As discussed, the Wil-
helmy plate measures the weight of the plate to determine the surface pressure of water.
The drift observed after the Wilhelmy plate has been wetted suggests the ﬁlter paper is
increasing in the weight. The reason for this eﬀect could be that, although appearing
fully wetted, the ﬁlter paper continues to absorb more water when immersed in the
trough, increasing the overall weight, which was recorded by the pressure sensor.
To test the swelling theory, the change in weight of the ﬁlter paper was measured using
an Ohaus GA200D balance (±0.2 mg precision). 3 ﬁlter paper plates were wetted in a
small vial of distilled water and weighed immediately. Once weighed, the plates were
returned to the vial of distilled water, where they were soaked for 30 min. During this
period, they were weighed at the intervals to record any change in the wetted weight.
The results are shown in ﬁgure 1E.
Figure 1E shows that the plates gain weight at a similar rate to the drift observed in
the measurement of surface pressure by the Wilhelmy balance, indicating that drift is
the result of the ﬁlter paper plates slowly gaining weight.
Conclusions
The use of dry ﬁlter paper causes a drift in the readings taken from a Wilhelmy surface
pressure sensor for up to 2 h after initial setup. The slow increase in the water-holding
capacity of the ﬁlter paper has an inﬂuence on the weight of the plate and subsequently
themeasurements obtained from theWilhelmy balance. The soaking of ﬁlter paper prior
to use as aWilhelmy plate reduces the time taken for the surface pressuremeasurements
to stabilise.
Limitations
In this study, we have been limited to a single brand of plate paper. While this is the
brand typically sold by KSV Nima, one the biggest users of ﬁlter paper-based Wilhelmy
plates, further studies using other ﬁlter paper materials would be useful.
Additional Information
Methods
All experiments were carried out using a Nima alternating layer Langmuir-Blodgett
trough (Type 622). In all experiments, the trough was ﬁlled with distilled water (18
MOhms cm-1). Surface pressure measurements were taken using a Nima PS-3Wilhelmy
balance. Theﬁlter paper used on theWilhelmy balancewasWhatmanCHR1 chromatog-
raphy paper (10 mmwidth). The ﬁlter paper was brieﬂy washed with chloroform before
attachment to the Wilhelmy balance. Prior to each experiment, the trough was cleaned
using dust-free room wipes and acetone (99%), followed by isopropyl alcohol (99%).
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